extrude eggs. An increase in the legal measure to 88.9 ram, they state, would ensure that at least 60% of female lobsters would have an opportunity to bear eggs at least once so that a very small increase in the legal measure would have a profound influence on the number of eggs released in the water, and ultimately on the long-run prospects for the industry itself.
Fishermen agree that a very large number of lobsters caught in Maine are just over the current legal size, and this is the source of their objection to raising the legal limit. They are afraid that an increase in the minimum measure to 88.9 mm would mean that a large percentage of the lobsters now caught would become illegal so that their incomes would be reduced drastically. In addition, they are worried that the larger lobsters resulting from an increase in the measure would be less marketable than the small, so-called "chicken" lobsters currently caught.
The biologists counter with the argument that they would not raise the legal minimum size to 88.9 mm in one step. That, they admit, would lead to severe revenue losses for most fishermen. Rather, they propose to raise the legal measure to 88.9 mm over the course of 5 years in 1.6-ram annual increments. Such small increases, some believe, would minimize the reduction in catches and cause little economic hardship. In addition, they are certain that there is a good market for larger lobsters. Accordingly, a recommendation to increase the legal measure to 88.9 mm has been made a key feature of the Comprehensive Management Plan for American lobster recently produced by the Northeast Marine Fisheries Board (Anonymous 1978)?
Although political support for, or opposition to, this proposed management technique ultimately will depend on the effect it has on fishermen's income, neither the fishing industry • Current regulations, and those recommended in the Management Plan, are couched in English measurement units. The proposal is to raise the minimum carapace length from its present 3a/•6 inches to 3l/2 inches, in V16-inch increments. Metric equivalents taken to 0.1 ram, as they are in this paper, are unrealistic fbr field applications, but they help to emphasize that the annual size increments would be equal. nor fisheries managers have useful estimates of the economic consequences that changes in the legal measure might have. In this paper, we will provide such estimates and discuss their implications for lobster management. First, we will present biological data in an attempt to project changes in the length-frequency distribution of lobsters in the catch, from which changes in harvest weights can be calculated. Second, we will present an economic model to determine the effect of changes in the legal lobster size on revenue received by fishermen.
The argument in this paper is based on the idea that fishermen are being asked to invest in the lobster industry. Current catches are being traded off for increased catches in the future.
The key question is: Is this investment worthwhile economically? Specifically, the study demonstrates that fishermen would lose income in the 5 years the legal measure was being increased, and would gain in the subsequent years. It is not clear that benefits will outweigh costs. mm in one year, which would put many fishermen out of business. The regulation actually being proposed is to increase the measure in much smaller increments for 5 years. Table 1 shows that in the first year, as the measure is increased from 81 mm to 82.6 mm, the total number of lobsters caught will fall 11.7%, but after that the table will support no reliable projections. To measure the incremental changes that will occur, changes in the frequency distributions in the catch need to be taken into account, along with several other factors such as natural mortality, trap selectivity, escapement from traps, annual rate of carapace growth, the proportion of female lobsters in each size category that are mature, and the proportion of mature females in each size category that are "berried" (egg-bearing). For the latter variables, we have used the estimates of experienced biologists.
The Biological Model
Natural Mortality There is a wide range of figures in the literature on annual average natural lobster mortality. At one extreme, there are estimates that only 2% of the lobsters will die if left in the water an extra year; other estimates range up to 30% (Thomas 1971). J. C. Thomas, who has had much experience in Maine, believes that the best estimate of annual average natural mortality is about 10% (personal communication 1980). We use this figure but its uncertainty must be stressed. Of the other eight published estimates, four are higher than 10% and four are lower (Anonymous 1978 (2) Fishing eftbrt will not change. Some fishermen may want to fish more traps as the measure is increased, and some may go out of business. Both factors will affect the fishing pressure put on the lobsters, but there is no way to predict what will happen.
(3) As the legal minimum size for lobsters increases, the legal vent size will be increased as well to reduce cannibalism, death from handling, et cetera. Specifically, it is assumed that the current vent size will remain in effbct during the first 4 years that the measure is increased but will become larger in the fifth year.
This will reduce the number of 88.9-mm lobsters retained in traps. 
Structure of the Biological Model
The object of our biological model is to predict changes in the size and weight of lobsters in the catch as the legal minimum size is increased incrementally. The model operates by predicting two kinds of changes that occur. Table 1 . This is the base-year frequency distribution, sampled with the legal measure set at 81 mm.
We assume, given the large size of the sampie, that the length-frequency distribution of the total Maine lobster catch is directly proportional to N• by a constant b, which is the ratio of the total number of lobsters caught on the coast to those in our sample. In the base year (the year before the first incremental increase is made), the total catch C of lobsters in num- 
Results of the Biological Model
We generated three sets of results from the model. First, we used figures fbr natural mortality, growth rate, escapement, and bettied females that we consider reasonably accurate, and produced what we call the "most-likely" results. A range of estimates exists for some of the variables used. Because it is possible (but highly unlikely) that some of' the extreme observations or estimates are accurate, we next used figures on all variables that would maximize the lobster catch after the minimum legal measure reaches 88.9 ram. This we call the "best case." Last, we calculated the "worst case," using values that would minimize the lobster catch at the end of 6 years. It must be stressed that the best and worst cases are highly unlikely to materialize, but they are useful for purposes of discussion and because they set limits on the problem.
Likely Results
In estimating the most likely results, we have used 10% for annual natural mortality and 14% for annual carapace growth. We have taken Krouse's (1972) size distribution of mature females, and assumed that 30% of all released, mature females will be bertled when caught. We started with our own length-frequency data and assumed, as they suggest, that there is no significant escapement.
Results indicate that in each of the 5 years the measure is increased, there will be a decrease in the number and total weight of lobsters caught ( As the measure is increased from 81 mm to 88.9 ram, the number of egg-bearing females will double. Although these females cannot be legally caught, they undoubtedly will increase the number of eggs in the water. In the far future, this might augment recruitment to the fishery but, as noted above, there is no factual basis tbr such a projection.
Best-Gase Results
In estimating the best-case results, we assumed that annual average natural mortality is only 4.6%, one of the lowest published figures (Thomas 1971). We let carapace length increase by 15% per year. We decreased all Krouse's (1972) data for numbers of mature females by 10%, and assumed only 27% will be berried to inflate allowable catch. We accepted Thomas' unpublished (1979) estimates that a high proportion of the smallest legal lobsters escape from traps and survive to be caught in future years, but used our own data on size frequencies. Table 2 , in this best case both numbers and weight of lobsters caught by fishermen will drop during every year the measure is increased. In the sixth year, however, there would be a 20.4% increase in the total weight of the catch due to the larger size of the lobsters being caught.
As is shown in

Worst-Gase Results
We took worst-case mortality to be 24.2%, a figure that has been suggested (Thomas 1971), and growth rate to be only 13% per year. We increased all Krouse's (1972) data on numbers of mature females by 10% and assumed that 33% will be berried when caught, We used Thomas' data on escapement. Again we used our own data on length frequencies.
Not surprisingly, under worst-case conditions both the numbers of lobsters and the weight caught will decline every year the legal measure changes (Table 2 ). Most importantly, there will be a permanent 22.9% decline in numbers and a permanent 3.0% reduction in the total landed weight.
In summary, our model indicates there will be a drop in both numbers of lobsters caught and the landed weight as the legal measure increases. In the best and most-likely cases, after the measure has reached 88.9 mm the numbers of lobsters caught will be less than in the base year. There will be, however, an increase in weight, most likely 7.9%. Whether this will result in an increase or a decrease in income for fishermen depends, as we shall see, on the elasticity of demand.
The Economic Model
Revenue to fishermen is the quantity of lobsters caught times their ex-vessel price. To assess changes in revenue as the legal lobster measure is increased from 81 to 88.9 mm, we need to know the change in the quantity of lobsters caught and the price associated with that change.
In the previous section, we saw that landings will fall every year the measure increases. The income of fishermen might drop with them, but it might increase if the price of lobsters increases with a reduction in catch.
In this section, we will develop a model to link landings with revenue. This economic model is derived in two stages. First, we develop lops, clams, and imported rock lobster tails, substitute goods, also raise the demand for lobsters. None of the meat products were significant, probably because a high percentage of fish and meat is consumed in specialized restaurants whose patrons do not substitute meat for fish or vice versa.
Modified Demand Equation
The biological model provides estimates of relative changes in future Maine lobster landings, Q(t)*, due to the phased implementation of the 88.9-mm minimum legal lobster size. To evaluate the economic impact of these changes, we first must convert the predicted quantity of landings into predicted ex-vessel price and then into estimated changes in future Maine lobster industry revenues. For this purpose we have estimated a lobster demand equation and then modified it in a series of steps to accept Maine data on lobster landings from our biological model. The steps in this modification process are outlined below.
The demand equation which shows the relationship between the quantity of lobsters purchased, the level of national income, and the prices of certain seafoods that are substitutes for lobsters, can be represented as
MEQ(t) + USQ(t) + (•Q(t)= a + b•LO(t) + b2NI(t) + baSC(t) + b4CL(t) + bsRT(t).
Here, MEQ, USQ, and CIQ are quantities of 
Revenues to Lobstermen
To project revenues, the demand equation is solved for lobster price LO(t); the revenue R(t) to Maine lobstermen is price times Maine landings:
R(t) = LO(t)MEQ(t);
or, because MEQ(t) is the same as Q(t) from the biological model, We ran the same model, with the same specifications, using Thomas' size-frequency data in place of our own. Again, the most likely estimate of internal rate of return was 13%. Our data indicate more small lobsters than Thomas observed; with our figures in the model, economic losses are greater in the first years the measure is increased, but smaller in later years, and the long-term gain is slightly greater.
R(t) = LO(t)Q(t).
The annual gain, or loss, in Maine lobster
These differences balance out, so that the same internal rate of return is produced by both Thomas' data and our own.
The most pessimistic result is generated by worst-case biological data combined with most elastic demand: 0% internal rate of return (Table 5). Should these extreme assumptions prove accurate, fishermen would not only lose in the first 5 years, but would suffer additional losses in every subsequent year. The most optimistic results--from best-case biological data with least elastic demand--give an internal rate of return of 70%. Under these conditions, fishermen would receive back not only the original investment they made as the measure was being increased in the first 5 years, but 70% more in every subsequent year. Again, we regard these most optimistic and most pessimistic results as wholly unrealistic.
According to our best estimate, fishermen will get a 13% return on the financial sacrifice From the point of view of the state of Maine as a whole, one can make a stronger case for increasing the measure. Our data indicate that an increase in the measure likely will bring some increase in revenues in the future. We are not certain which fishermen will gain the benefits but we know that fishermen in aggregate will gain financially over the long run.
In addition, an increase in the measure probably will double the number of egg-bearing females. Given the uncertainty of the stock-recruitment relationship, we do not know if this will result in higher catches in the future, but it will add a •nargin of security that some biologists feel is necessary if a drastic decline in the lobster population is to be averted (Anonymous 1978 ).
Research to Improve the Model
In the course of doing this research, we discovered that the precision of our model is limited chiefly by two things. First, it is very sensitive to estimates of natural mortality. As noted previously, estimates of natural mortality vary from 4% to 30%. Although most biologists agree that it is about 10%, firmer estimates with confidence intervals would help narrow the range of our biological estimates. Second, the precision could be increased if economic data were available in monthly rather than annual time units. The lack of monthly data probably has caused us to overestimate somewhat the economic benefits of increasing the carapace measure.
A third important area for future concern is the size-price relationship. Students of fisheries economics have noted that differential prices are paid for fish of different size, and they are beginning to take size into account in estimating demand for fish (Gates 1974) . Such size effects exist in the lobster industry. In the Boothbay, Maine area, particularly, a premium price is charged for prime "dinner" lobsters. "Chicken" lobsters and larger lobsters bring a lower price per unit weight. In our model we have ignored this issue. We recognize that a change in the carapace measure will alter these size-price effects because it will change size distributions in the catch, but we do not know exactly how. An increase in the measure will bring a greater yield of "dinner" lobsters ( 
